Osteoinductive fibrous scaffolds of biopolymer/mesoporous bioactive glass nanocarriers with excellent bioactivity and long-term delivery of osteogenic drug.
Designing scaffolds with bioactive composition and long-term drug delivery capacity is a promising method to improve the therapeutic efficacy in bone regeneration. Herein, electrospun fibrous scaffolds of polycaprolactone-gelatin incorporating mesoporous bioactive glass nanoparticles (mBGn) were proposed to be excellent matrix platforms for bone tissue engineering. In particular, the mBGn were loaded with osteogenic drug Dexamethasone (DEX) to elicit additional therapeutic potential. The mBGn-added fiber scaffolds demonstrated excellent properties, including improved mechanical tensile strength, elasticity, and hydrophilicity compared to pure biopolymer matrix. The scaffolds could release substantial amounts of calcium and silicate ions. The loading of DEX onto mBGn was as high as 63%, that is, 0.63 mg DEX loaded per 1 mg of mBGn, demonstrating an effective nanodepot role of the mBGn. The release of DEX from the mBGn-added fiber scaffolds was highly sustainable, profiling an almost linear release kinetics up to the test period of 28 days, after a rapid initial release of ∼30% within 24 h. The proliferation and osteogenic differentiation of stem cells derived from periodontal ligament were significantly improved by the mBGn incorporation and synergistically stimulated with DEX loading, as confirmed by both direct and indirect cultures. The effects on bone regeneration in vivo, as analyzed by microcomputed tomography and histological stains in a rat calvarium model over 6 weeks, were substantial with the mBGn incorporation and even better with DEX loading, evidencing the osteogenic effects of the drug-eluting nanocomposite fiber scaffolds in bone formation. The current scaffolds with bone-bioactive composition and drug delivery capacity may be potentially useful for bone regeneration as novel osteogenic matrices.